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Find the Black Spot



Civilian Spatial Disorientation 
Mishap Experience

• NTSB statistics regarding spatial disorientation (SD) mishaps 
will be presented along with several spatial disorientation 
accident reconstructions. There are differences between the 
commercial and general aviation accident investigation 
procedures regarding spatial disorientation. These differences 
may be due to the data available from the investigation and from
the resources allotted to the various types of investigations. 
Awareness of SD patterns and investigatory techniques needs to 
be maintained among accident investigators to ensure thorough 
investigations and accurate information regarding the 
epidemiology of SD mishaps.



Prevention



CAMI Safety Database



Aircraft Accident Safety 
Database

• FAS support
– ground fatalities

• ATA
• Jessica Dubroff accident
• Cabin Safety, David Palmerton
• Autopilot related mishaps, Dr

Beringer
• Toxicology support
• Update of the MI and Cardiovascular 

in flight mishaps



Methods

• Using the CAMI CDB
• Examine the NTSB 

database for spatial 
disorientation 
accidents (direct 
person codes) and for 
aircraft control not 
maintained



Methods

• NTSB data dictionary 
has listings of the 
codes used in the 
NTSB database

• SD code 33400 has 
note to also look at 
24566 Aircraft 
Control, 3127 not 
maintained



Methods (SQL)

WHERE NTSB_SOE_CAUSES.NSC_b_subject_code = 
24566

AND ntsb_soe_causes.nsc_b_modifier_code = 3127

WHERE NTSB_SOE_CAUSES.NSC_DIRECT_CODE IN 
('33400','43400','53400','63400')



Methods

• 1982 to 1993 available 
online, with data to 1999 
to follow later

• SD cases = 632 over the 
time 1982-1993

• Aircraft Control/ not 
maintained cases = 642, 
however these codes only 
appear in 1987-1993 data

Year Spatial Disorientation Aircraft Control not maintained

1982 72
1983 85
1984 77
1985 53
1986 49
1987 54 16
1988 54 71
1989 51 110
1990 39 123
1991 38 98
1992 36 122
1993 24 102

Total Total
632 642



Results Table

Spatial Disorientation and Aircraft Control Mishap 
Causes
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Results

• Many times the flight 
FAR field was empty

• Part 91
• Part 135 (1)
• Part 137 (2)
• Part 129 (2)
• Part 121 (3)



Results (to 1993)

Part 121cases
• DCA84AA002 HS-

748-2A
• DCA84AA024 

Lockheed L-188
• DCA92MA022 DC-8-

63

• DC-9 at Charlotte, NC July 
1994



Results (to 1993)
Part 121cases

• DCA84AA002 HS-748-2A 10 fatal
• ABOUT 1.5 MIN AFTER DEPARTING SPRINGFIELD, IL, THE FLTCREW REPORTED A SLIGHT ELECTRICAL 

PROBLEM, BUT THEY CONTINUED ON COURSE. ABOUT 33 MIN LATER & A FEW MIN BEFORE THE ACFT 
SHOULD HAVE REACHED ITS DESTINATION, THE ACFT CRASHED. IMPACT OCCURRED WHILE THE 
ACFT WAS DESCENDING IN A RIGHT WING LOW ATTITUDE. BEFORE CRASHING, THE PLANE'S HEADING 
HAD CHANGED ABOUT 180 DEG. A CVR TRANSCRIPT REVEALED THE L GENERATOR (GEN) HAD FAILED 
AFTER TAKEOFF & THE 1ST OFFICER HAD MISTAKENLY ISOLATED THE R GEN. ATTEMPTS TO 
RESTORE THE R GEN WERE UNSUCCESSFUL. THE CAPTAIN ELECTED TO CONTINUE TO THE 
DESTINATION RATHER THAN RETURN TO THE NEARBY DEPT ARPT. THE CLD BASES WERE AT 2000' 
MSL, BUT ATC COULD NOT PROVIDE AN IFR CLNC BELOW 3000 FT. JUST BEFORE CRASHING, THE CREW 
INDICATED A TOTAL LOSS OF ELECTRICAL POWER. THE L GEN DRIVE SHAFT HAD SHEARED. THE 
REASON FOR THE R GEN NOT TO RESET WAS NOT DETERMINED. THERE WAS EVIDENCE THAT 
RECURRENT FLTCREW TRAINING DID NOT PREPARE THE CREW TO UNDERSTAND & COPE WITH THE 
ELEC PROBLEM & THAT FAA SURVEILLANCE DID NOT DETECT THE TRNG DEFICIENCY. 

• Probable Cause

In-flight planning/decision..Improper..Pilot in command
Spatial disorientation..Pilot in command

• Contributing Factors

Electrical system,generator..Failure,partial
Electrical system,generator..Switched off
Electrical system,generator..Failure,total
Self- induced pressure..Pilot in command
Inadequate recurrent training..Company/operator management
Inadequate surveillance of operation..FAA(organization)



Results (to 1993)
Part 121cases

• DCA84AA024 Lockheed L-188 4 fatal

• AFTER DEPARTING THE BALTIMORE-WASHINGTON ARPT, THE ACFT HAD CLIMBED 
TO FL 220. ACCORDING TO INFO ON THE COCKPIT VOICE RECORDER (VCR), THE CREW 
EXPERIENCED GYRO PROBLEMS DURING THE CLIMB. THEY SELECTED THE #1
VERTICAL GYRO TO DRIVE BOTH APPROACH HORIZONS (ATTITUDE INDICATORS), 
SINCE THERE WAS AN INDICATION OF A MALFUNCTION IN THE #2 VERTICAL GYRO 
SYS. ABOUT 7 MIN AFTER LEVELING AT FL 220, THE FLT WAS CLEARED TO THE 
DRYER VOR. SHORTLY AFTER THAT, THERE WERE INDICATIONS OF CONFUSION IN 
THE COCKPIT WHICH INCLUDED THE STATEMENTS, "WHAT'S HAPPENING HERE," 
"YOU GOT IT?" & "NO." THE ACFT ENTERED A RIGHT DESCENDING SPIRAL; THE 
INDICATED AIRSPEED INCREASED FROM APRX 205 TO 317 KTS; THEN AN IN-FLT 
BREAKUP OCCURRED. THE WRECKAGE WAS FOUND SCATTERED OVER AN AREA 
APRX 2 MI LONG BY 1 MI WIDE. AN EXAM OF THE WRECKAGE REVEALED THAT THE 
IN-FLT STRUCTURAL FAILURE HAD OCCURRED DUE TO OVERLOAD, THEN A FIRE
IGNITED IN THE RIGHT WING AFTER IT HAD FAILED. THE ACFT WAS NOT EQUIPPED 
WITH AN INDEPENDENT STANDBY ATTITUDE INDICATOR. 

• Probable Cause

Flight/nav instruments,attitude gyro..Undetermined
Airplane handling..Not maintained..Pilot in command
Spatial disorientation..Pilot in command
Design stress limits of aircraft..Exceeded..Pilot in command

• Contributing Factors

Light condition..Dark night



Results (to 1993)

Part 129
• NYC91FA239 

Convair 580
• ATL89MA072 HS-

748-2A



NYC91FA239 Convair 580



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239
• THE AIRPLANE WAS CRUISING IN NIGHT 

INSTRUMENT METEOROLOGICAL 
CONDITIONS WHEN IT ENTERED A LEFT 
TURN AND EXCEEDED THE DESIGN 
AIRFRAME LIMITS.  THE AIRPLANE 
BROKE UP IN THE DESCENT DUE TO 
AERODYNAMIC FORCES AND WAS 
DESTROYED. THE OUTBOARD WING PANELS 
HAD FAILED DOWNWARD AND CENTER WING 
SECTION SEPARATED FROM THE 
FUSELAGE.  THE HORIZONTAL 
STABILIZER AND ELEVATORS HAD FAILED 
DOWN AND AFT.  THE CAPTAIN WAS 
FOUND OUT OF THE COCKPIT WITH NO 
EVIDENCE OF HIM BEING IN THE SEAT 
AT IMPACT  A HUMAN FACTORS STUDY 
FOUND THE AIRCRAFT'S LAST MINUTE OF 
FLIGHT MATCHED A PROFILE OF A PILOT 
EXPERIENCING SPATIAL 
DISORIENTATION.



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239

• Probable Cause 
FAILURE OF THE FIRST OFFICER 
(CO-PILOT) TO MAINTAIN 
CONTROL OF THE AIRCRAFT 
AFTER BECOMING SPATIALLY 
DISORIENTED, AND HIS 
EXCEEDING THE DESIGN STRESS 
LIMITS OF THE AIRCRAFT. 
FACTORS RELATED TO THE 
ACCIDENT WERE: THE LACK OF 
TWO PILOTS IN THE COCKPIT, 
DARKNESS, AND INSTRUMENT 
METEOROLOGICAL CONDITIONS 

(IMC) AT FLIGHT ALTITUDE.



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



NYC91FA239 Convair 580
• 18-SEP-91 NYC91FA239



Results (to 1993)
Part 129

• ATL89MA072 HS-748-2A 2 fatal

• DRG NGT CARGO OPN, CHECK CAPT (RGT SEAT) WAS EVALUATING THE 1ST OFFICER 
(F/O, LEFT SEAT) FOR PSBL UPGRADE TO CAPT. BFR DEPG, FLT WAS CLRD FOR RGT TURN 
AFTER TKOF TO 020 DEG. TKOF BGN AT 0441:11. WTR/METHANOL INJECTION WAS USED 
(TO 1ST PWR RDCN). AT 0441:49, LNDG GEAR WAS RETRACTED; 8 SEC LTR 1ST PWR RDCN 
WAS MADE, THEN A FREQ CHG WAS APPROVED. CAPT NOTED THEY SHLD CLB TO 1500' 
MSL (APRX 500' AGL) BFR TURNING. AT ABT 300' AGL, ACFT ENTERED OVC & BGN A 
STEEP RGT TURN. CVR INDCD CAPT WAS PERFORMING COCKPIT DUTIES AT THIS TIME & 
GIVING INFO TO F/O ABT THE DEP. FDR SHOWED ACFT RCHD MAX ALT OF 423' AGL & 
BGN DSCNDG. AT 0442:22, CAPT REMARKED TO F/O, "DON'T GO DOWN . . . GET UP . . . UP 
UP UP . . . UP, OH!" AT ABT THAT TIME, ACFT HIT IN AN OPEN FLD, BUT CONTD FLYING 
FOR APRX 3/4 MI. IT THEN HIT A TREE & CRASHED IN A WOODED AREA. INV REVEALED 
THAT DRG SVRL TRNG FLTS & 2 CHECK FLTS, THE F/O DEMONSTRATED DIFFICULTY IN 
PERFORMING INSTRUMENT FLT DUE TO DISORIENTATION, NARROW FOCUS OF
ATTENTION, OR LACK OF INSTRUMENT SCAN (INST FIXATION), ESPECIALLY DRG HI 
TASK WORK LOAD. 
Probable Cause 
IMPROPER IFR PROCEDURE BY THE FIRST OFFICER (COPILOT) DURING TAKEOFF, HIS 
LACK OF INSTRUMENT SCAN (IMPROPER USE OF FLIGHT/NAVIGATION INSTRUMENTS), 
HIS FAILURE TO MAINTAIN A POSITIVE RATE OF CLIMB OR TO IDENTIFY THE 
RESULTANT DESCENT, AND THE CAPTAIN'S INADEQUATE SUPERVISION OF THE FLIGHT. 
CONTRIBUTING FACTORS WERE: DARK NIGHT, LOW CEILING, DRIZZLE, THE FIRST 
OFFICER'S LACK OF TOTAL EXPERIENCE IN THE TYPE OF OPERATION, AND POSSIBLE 

SPATIAL DISORIENTATION OF THE FIRST OFFICER.



Results (to 1993)
• Part 135

• CHI84FA058       C207 4 fatal
• THE PLT & 3 PASSENGERS TOOK OFF AT NIGHT ON AN OVER WATER FLT TO AN ISLAND IN LAKE ERIE TO 

PROVIDE HELP TO A HEART PATIENT. NO FLT PLAN WAS FILED & NO RECORD OF A WX BRIEFING WAS FOUND. 
REPORTEDLY, AFTER TAKEOFF, THE ACFT DISAPPEARED IN A CLOUD OR HAZE. ALSO AFTER DEPARTING, 
SHERIFF'S PERSONNEL RECEIVED A RADIO CALL FROM THE ACFT STATING "WE ARE IN IT." ACCORDING TO 
LOCAL RESIDENTS, THERE WAS PATCHY FOG IN THE AREA. WHEN THE ACFTDID NOT ARRIVE AT ITS 
DESTINATION, A SEARCH WAS INITIATED. THE PLANE WAS FOUND IN LAKE ERIE ALONG THE EXPECTED 
ROUTE OF FLT. THE ACFT WAS INTACT, EXCEPT THE ENG WAS LOOSE FROM THE FIREWALL & THERE WAS 
MAJOR DAMAGE TO THE RIGHT, OUTER WING PANEL. NO PREIMPACT/MECHANICAL MALFUNCTION/FAILURE 
WAS FOUND. ABOUT 45 MI WEST AT TOLEDO, OH, THE 2150 WX IN PART WAS: 1500 FT OVERCAST, VISIBILITY 
VARIABLE 1 TO 2 MI WITH FOG, TEMP 32, DEW POINT 31, WIND FROM 330 DEG AT 4 KTS.

• Probable Cause

Preflight planning/preparation..Inadequate..Pilot in command
VFR flight into IMC..Continued..Pilot in command
Proper altitude..Not maintained..Pilot in command
Clearance..Misjudged..Pilot in command

• Contributing Factors

Light condition..Dark night
Weather condition..Fog
Self-induced pressure..Pilot in command

Spatial disorientation..Pilot in command



Results (to 1993)

Part 137
• LAX88DUJ05 G164B
• DEN92LA062 AT-

301



Results (to 1993)
Part 137

• LAX88DUJ05 G164B 1 minor
• DURING AN AERIAL APPLICATION FLIGHT, THE PILOT DISPENSED 

THE LOAD AND WAS RETURNING TO THE AIRSTRIP DUE TO AN 
APPROACHING THUNDERSTORM. ENROUTE, THE VISIBILITY WAS 
REDUCED TO NEAR ZERO FROM BLOWING DUST. THE PILOT LOST 
CONTROL OF THE AIRPLANE AND COLLIDED WITH THE TERRAIN. 
THERE WERE NO REPORTED MECHANICAL FAILURES OR 
MALFUNCTIONS AT THE TIME OF THE ACCIDENT. 

• Probable Cause

In-flight planning/decision..Poor..Pilot in command
Flight into known adverse weather..Intentional..Pilot in command

• Contributing Factors

Weather condition..Sand/dust storm
Spatial disorientation..Pilot in command



Results (to 1993)

Part 137
• DEN92LA062 AT-301 1 fatal
• WHILE FLYING BETWEEN FIELDS ON AN AERIAL 

APPLICATION FLIGHT, THE AIRCRAFT IMPACTED 
THE GROUND IN A SHALLOW DIVE WITH POWER ON 
THE ENGINE. WEATHER AT THE TIME WAS 800 FEET 
OVERCAST SKIES AND GROUND FOG. 
Probable Cause 
THE PILOTS FAILURE TO MAINTAIN ALTITUDE DUE 
TO SPATIAL DISORIENTATION. FACTORS WERE: LOW 
OVERCAST SKIES AND GROUND FOG.



Results (to 1993)
Part 91

• 1999 Nall Report 
http://www.aopa.org/asf/publications/99nall.html

• In 1998, six accidents contained specific references to 
spatial disorientation in the sequence of events or 
narrative sections of their reports. This number is, 
however, what statisticians call a "lower bound" on 
the true number of accidents in which spatial 
disorientation was a significant factor. The conditions 
surrounding a number of other weather-related 
accidents suggest that spatial disorientation might 
have been contributory there as well.



Results (to 1993)
Part 91

• 1999 Nall Report http://www.aopa.org/asf/publications/99nall.html

• A detailed analysis of accidents over a ten-year 
period (1987-1996) with an emphasis on spatial 
disorientation as a cause or significant 
contributory factor reveals a much higher 
involvement of this factor than suggested by the 
direct references in the 1998 reports. During this 
period, there was an average of almost 37.6 
accidents per year, of which 33.9 were fatal. At 
this rate, there is one fatal spatial disorientation 
accident every eleven days. Over 90 percent of all 
the accidents during this time in which spatial 
disorientation was a factor resulted in fatalities.



Results (to 1993)
Part 91

• 1999 Nall Report http://www.aopa.org/asf/publications/99nall.html

• Typically, these accidents are suffered by
noninstrument-rated pilots attempting to complete 
VFR flights in instrument meteorological conditions.
At least one accident in 1998, however, occurred when 
an experienced instrument-rated pilot in a well-
equipped turbine-powered airplane became disoriented 
during the visual portion of a circling IFR approach. In 
this case, a moonless night exacerbated the weather 
conditions.



Human Factors Model



Human Factors



Human Factors
• Radio controlled 

aircraft runway
• Visual illusions



Spatial Orientation



Spatial Disorientation
• DC-9 missed approach
• Windshear
• ATC info provided



Spatial Disorientation
• DC-9 missed approach
• Windshear
• ATC info provided



Spatial Disorientation
• DC-9 missed approach
• Windshear
• ATC info provided



Spatial Disorientation

• DC-9 missed approach
• Windshear
• ATC info provided



Spatial Disorientation



Most recent case



Spatial Disorientation
• Lake Victoria
• Black hole approach
• Narrow runway
• ATC warned



Emergency
• Smoke in the cockpit



AA MD83 Reconstruction



C210 N94 Will Rogers Airport

25 October 2000



C210 N94 Will Rogers Airport

Flight



C210 N94 Will Rogers Airport

Airport



C210 N94 Will Rogers Airport

Scene extent



C210 N94 Will Rogers Airport

Scene extent



C210 N94 Will Rogers Airport

Index lat long



C210 N94 Will Rogers Airport

Scene looking NW



C210 N94 Will Rogers Airport

Scene looking direction of flight



C210 N94 Will Rogers Airport

Scene extent



C210 N94 Will Rogers Airport

Initial impact crater



C210 N94 Will Rogers Airport

Initial impact crater night



C210 N94 Will Rogers Airport

Scene looking West



C210 N94 Will Rogers Airport

Scene at night



C210 N94 Will Rogers Airport

OKC Radar Data



CFIT Prevention



cosmos



What’s Next?
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